Abstract Diabetes is a common condition, afflicting more than 20 % of the American population over the age of 60 years. Patients with diabetes, particularly those with lower socioeconomic status or limited access to primary care, frequently seek care in hospital emergency departments. Emergency medicine physicians and hospitalists should coordinate care to improve glycemic control while maintaining safety. This may help to overcome clinical inertia and improve long term clinical outcomes for patients who seek acute medical care for diabetes.
other hand, HHS is defined by altered mental status caused by hyperosmolality, profound dehydration, and severe hyperglycemia without significant ketoacidosis [3, 5] .
Initial Evaluation
In the emergency department, the primary goals are rapid evaluation and stabilization. All patients with severe hyperglycemia should immediately undergo assessment and stabilization of their airway and hemodynamic status, with consideration of administration of naloxone for all patients with altered mentation to reverse potential opiate overdose, and thiamine for all patients at risk for Wernicke's encephalopathy. In cases requiring intubation, the paralytic succinylcholine should not be used if hyperkalemia is suspected as it may acutely further elevate potassium. Immediate assessment should also include placing patients on oxygen, measure O 2 saturation and cardiac monitoring as well as obtaining vital signs, a fingerstick glucose, intravenous (IV) access, and a 12-lead electrocardiogram to evaluate for arrhythmias and signs of hyper-and hypokalemia.
Emergency department evaluation should include a thorough clinical history and physical examination, as well as a venous blood gas [6, 7] , complete blood count, basic metabolic panel, and urinalysis; a urine pregnancy test must be sent for all women with childbearing potential. An important goal of this evaluation is identification of a precipitating cause, particularly a reversible cause. The differential diagnosis for hyperglycemic crisis includes the ''Five I's'': infection, infarction, infant (pregnancy), indiscretion (including cocaine use, and insulin lack (nonadherence or inappropriate dosing).
Critically ill patients should undergo additional testing as clinically indicated, including a complete metabolic panel, serum osmolality, lactate, phosphate levels in malnourished patients, and cardiac markers for older patients or any adult patient in DKA who has chest pain or signs of heart failure. A urine drug screen, blood alcohol level, and aspirin and acetaminophen levels should be sent for any patient with unexplained DKA and all patients with HHS. Evaluation for infection or injury should be guided by history and the physical examination. Effective serum osmolality should be calculated. The corrected serum sodium is estimated by decreasing measured serum sodium by 1.6 mEq/l for every 100 mg/dl increase in blood glucose over a baseline of 100 mg/dl [8, 9] ; for every 100 mg/ dl increment increase in blood glucose over 400 mg/dl, decrease measured serum sodium by an additional 4 mEq/l [10] .
While the evaluation and differential diagnoses for DKA and HHS are similar, they are distinct clinical entities that require different, nuanced therapies. Patients with DKA require both judicious volume resuscitation and insulin to reverse their ketoacidosis. Patients with HHS require fluid resuscitation first and foremost; they may or may not require insulin, and those who do rarely require a continuous infusion. An algorithm for the initial evaluation and treatment of patients with DKA can be found in Fig. 1 [11] .
Insulin Therapy
For patients with DKA, insulin should not be administered until hypovolemia has been addressed and serum potassium is known to be greater than 3.5 mEq/l. Giving insulin to patients with a serum potassium level less than 3.5 mEq/l may cause rapid intracellular shifting of potassium and precipitate life-threatening arrhythmias. Critically ill patients may be given insulin, with a loading dose of regular insulin (0.1 units/kg body weight to a maximum of 10 units), followed by an infusion of regular insulin (0.1 units/kg body weight/h, to a maximum of 10 units/h) [12, 13] . Less seriously ill patients with DKA should be started on an infusion of regular insulin at 0.1 units/kg body weight/h without a loading dose to minimize the risk of hypoglycemia. Other doses and routes of insulin administration have been studied [14] [15] [16] , but these have not been evaluated outside of the research setting or in critically ill patients [12] .
Expert opinion regarding the use of insulin for patients with HHS is mixed [12, 13, 17] . Because some patients with HHS achieve euglycemia with fluid resuscitation alone [18] , and given the theoretical risks of precipitating oliguric renal failure or cerebral edema in inadequately fluid-resuscitated patients [17] , insulin should not be given as part of initial therapy [19, 20] . However, if the patient's serum glucose does not decrease by 50-70 mg/dl/h despite appropriate fluid management, a bolus of regular insulin intravenously at 0.1 units/kg body weight to a maximum of 10 units may be given.
Electrolyte Replacement
Patients with DKA or HHS experience significant shifts in potassium during resuscitation that may trigger lifethreatening arrhythmias. Death during initial resuscitation of patients with DKA is usually caused by hyperkalemia, whereas hypokalemia is the most common cause of death after treatment has been initiated. Therefore, serum potassium should be checked every 2 h until it has stabilized in all patients with hyperglycemic crisis, and these patients should remain on a cardiac monitor until they are back to baseline. Guidelines for the treatment of hyperkalemia and hypokalemia in patients with hyperglycemic crisis based on expert opinion and our clinical experience are found in Table 1 [11] .
Serum phosphate levels are not routinely measured or followed in DKA but should be closely monitored at the time of presentation and during resuscitation for malnourished patients with DKA and HHS and in those patients who appear to have decreased respiratory drive. Bicarbonate infusion should not be used routinely in the treatment of DKA or HSS [13] . Expert opinion suggests that it may be used selectively in patients with DKA and severe acidosis (pH less than 6.9) or in patients with severe hyperglycemia who present with a wide-complex or disorganized cardiac rhythm thought to be caused by hyperkalemia. Bicarbonate must always be used with care as it may prolong hypokalemia and hospitalization and cause paradoxical cerebral acidosis and even cerebral edema in children [17, [21] [22] [23] .
Stabilization and Disposition for Patients with DKA and HHS All patients with hyperglycemic crisis require finger-stick glucose measurements hourly until they have stabilized. For patients with DKA, an additional bolus of regular insulin of 0.1 units/kg by IV should be given if the blood glucose level does not decrease by 10 % in the first hour; the continuous infusion of regular insulin should then resume at the original dose. Dextrose should be added to the continuous IV fluids once blood glucose has decreased to less than 250 mg/dl. Patients with HHS whose blood glucose level decreases to less than 300 mg/dl should be observed closely for signs of oliguric renal failure and cardiovascular collapse; these patients may require the addition of dextrose to IV fluids, even without administration of insulin.
In the treatment of DKA, expert opinion recommends continuing an insulin infusion until acidosis has resolved and an anion gap is no longer present, but there are no formally endorsed criteria regarding when to discontinue insulin infusions. As a general rule, when converting to subcutaneously given insulin, a subcutaneous dose should be given 1 h before stopping the IV infusion to prevent rebound hyperglycemia [12, 13] . Each institution should devise a standard protocol to provide consistent care for its patients [24] .
Patients with DKA or HHS rarely meet criteria to be safely discharged from emergency departments [25] . These Table 1 Replacement thresholds for potassium in hyperglycemic crisis [11] Serum potassium (mEq/l) Action patients typically require admission to the hospital with hourly blood glucose and neurological checks until they have stabilized.
Hypoglycemia Emergencies
In clinical practice, hypoglycemia is generally defined as a blood glucose level less than 60 mg/dl [26] . Severe hypoglycemia, requiring the assistance of another person to regain euglycemia, can cause significant morbidity, particularly in the chronically ill or elderly; it is the cause of death in approximately 3 % of insulin-dependent diabetic patients [27] . Hypoglycemia is one of the most frequent diabetes-related chief complaints seen in emergency departments [28] .
Oral-Hypoglycemic Agents and Insulin as a Cause of Hypoglycemia
While biguanides such as metformin, alpha-glucosidase inhibitors, and thiazolidinediones do not cause hypoglycemia when used in isolation, sulfonylureas and meglitinides increase insulin secretion and activity and therefore can cause hypoglycemia [29] . The half-life for most sulfonylurea medications is 14-16 h; they can cause severe, prolonged hypoglycemia. Although meglitinides have a shorter half-life, the risk of recurrent hypoglycemia from these medications is unknown; experts urge caution and recommend assuming that these patients have a high risk of recurrent hypoglycemia [30] . Exogenous insulin administered in error or in attempt to self-harm should also be considered in the differential diagnosis of potential causes of hypoglycemia.
Treatment of Hypoglycemia
As with patients who present in hyperglycemic crisis, the initial evaluation of patients with suspected hypoglycemia includes securing the airway and assessing hemodynamic status. Altered mentation and signs of malnutrition should prompt administration of naloxone and consideration for intravenous thiamine, respectively. Naloxone and dextrose may completely reverse coma and eliminate the need for intubation; whenever possible, they should be given before proceeding to intubation.
Thiamine at 100 mg IV should be administered to all patients who present with altered mentation and any signs of malnutrition or history suggestive of malabsorption, including prior gastric bypass surgery [31] . Despite traditional teaching to the contrary, there is no evidence that a dextrose load without thiamine replacement acutely precipitates Wernicke's encephalopathy. Treatment with dextrose should not be delayed if thiamine is not immediately available [32] .
Once bedside glucose measurement confirms hypoglycemia, treatment should be accomplished immediately with either oral intake of food, dextrose given IV, or intramuscularly given glucagon. When decreased mentation precludes oral intake of food, dextrose given IV is the first-line therapy. One amp of dextrose provides approximately 100 calories, raising blood glucose levels for at least 20-30 min (Fig. 2 [11] ). Glucagon 1 mg may be administered subcutaneously or intramuscularly if IV access is not available, but it requires 15 min or more for onset of action and is associated with vomiting. The treatment for hypoglycemia may have a shorter duration of action than many of the precipitating drugs, and patients who are successfully treated initially may require repeat doses of glucose. Additionally, depending on the cause of hypoglycemia (e.g., sulfonylurea ingestion), administration of dextrose may precipitate rebound hypoglycemia.
Until blood glucose levels have clearly stabilized, they should be checked hourly at a minimum. Patients who develop recurrent hypoglycemia or whose blood glucose levels decrease despite administration of dextrose should be started on continuous IV dextrose with more frequent blood glucose level checks, and they should be hospitalized in the intensive care unit for continued evaluation and treatment.
Disposition of Patients with Hypoglycemia
In order to reasonably ensure no recurrence of hypoglycemia, all of the following criteria should be met prior to discharge of the patient from the emergency department [33] :
The episode of hypoglycemia was:
• Isolated (a single episode of hypoglycemia without recurrence)
• Completely and rapidly reversed without the need for a continuous dextrose infusion
• The result of an identified cause that is unlikely to cause recurrence
• Accidental
• Not caused by an oral hypoglycemic medication or long-acting insulin And the patient:
• Has completed an uneventful 4-h observation period with serial blood glucose measurements in the normal range and not trending downward
• Has eaten a full meal during the observation period
• Has no comorbid conditions that interfere with proper administration of medications and intake of food
• Understands how to prevent future episodes of hypoglycemia
• Can accurately monitor blood glucose at home
• Will be with a responsible adult who will monitor the patient
• Has close, reliable follow-up with a primary care provider Expert opinion states that patients who meet these criteria and are discharged from the emergency department should reduce their insulin dose by 25 % for at least the next 24 h to reduce the risk of recurrent hypoglycemia. Coordination with the patient's primary care provider is essential.
Many states require that patients with symptomatic hypoglycemia refrain from driving for 6-12 months and obtain clearance from a physician before resuming driving. Research has shown that this issue is rarely addressed in the emergency department [34] ; for public health and the safety of patients, it must be included in discharge instructions, either at the time of discharge from the emergency department or from the hospital.
Patients who do not meet all of the above discharge criteria warrant hospital admission. Oral hypoglycemic agents and intermediate-or long-acting forms of insulin (lente, NPH, glargine, and ultralente) are likely to cause recurrent hypoglycemia, and patients taking these medications generally should be admitted. Patients with hypoglycemia that cannot be completely reversed, was caused by massive ingestion or overdose, or is associated with sepsis, starvation, liver failure, or adrenal insufficiency should be admitted to the hospital's intensive care unit. Suicide attempts, factious disorder, or other psychiatric illnesses should be addressed with a psychiatric consultation.
Patients with Undiagnosed Pre-diabetes or Diabetes
Of the 23.6 million Americans with diabetes in 2007, 5.7 million were unaware they had the disease. Additionally, 54 million Americans had pre-diabetes (impaired fasting glucose and impaired glucose tolerance) [25] . Patients who present to the emergency department are at high risk for undiagnosed diabetes [35] ; in one study, nearly four out of five patients in an urban emergency department met American Diabetes Association (ADA) criteria for diabetes screening [36] . The diagnosis of diabetes requires testing performed on two separate occasions unless ''unequivocal hyperglycemia'' is present [37, 38 • , 39] . Patients with unequivocal signs of hyperglycemia such as polyuria, polydipsia, nocturia, or acidosis are likely to need hospital admission, where further testing may be performed. Using an insulin protocol, treatment of hyperglycemia should ideally begin before admission and should not be delayed by confirmatory testing [40] . This requires close and clear communication and collaboration between the emergency physician and the hospitalist.
Although hospital emergency departments cannot offer confirmatory testing, patients who are at high risk for prediabetes or diabetes can be identified, and these patients should be counseled regarding their likely diagnosis and lifestyle interventions. A prospective cohort study conducted in an urban emergency department found that all patients with risk factors for diabetes (age greater than 45 years, polyuria, and polydipsia) and a random blood glucose greater than 155 mg/dl were later diagnosed with pre-diabetes or diabetes [40] . The use of A 1 C as a screening tool in emergency departments is being studied [36] but is not currently recommended [39] . For patients who are hospitalized, communication with the Hospitalist physicians regarding patients at high risk for undiagnosed or uncontrolled diabetes may help to overcome clinical inertia and improve glycemic control.
Particularly for patients who are discharged from the emergency department, it is imperative that patients with suspected pre-diabetes or diabetes be made aware of their abnormal test results and the need for urgent follow-up with a primary care provider. These patients should be counseled about lifestyle changes. For patients who are hospitalized, clear communication with the Hospitalist team regarding evaluation completed in the emergency department and potential initiation of therapeutics after hospitalization may improve glycemic control for hospitalized patients.
Glycemic Control After Hospitalization
There is vast discrepancy among hospitalists regarding glycemic management goals throughout the US. This is despite data supporting improved patient outcomes and hospital stays [41] . Recently studies have suggested that ''tight'' glycemic control in the hospital setting may lead to an increase in mortality due to hypoglycemia [42] .
However, the level of glycemic control in those studies was much ''tighter'' than recommended in the AACE/ADA guidelines for random blood glucose goals [41] . It is common for hospitalists to allow blood glucose levels to fluctuate during a patient's hospital stay. The traditional hospitalist training, primarily in an internal medicine residency program, often consists of treating diabetic patients with a regular insulin sliding scale. Diabetes management was not thought to be an issue of critical importance until blood sugars consistently were above 300 mg/dl or acidosis reared its head. The nature of hospital medicine is to be involved in all aspects patient care. Glycemic control should be viewed differently in lieu of data linking improved patient outcomes and eugylcemia [43] .
The American Association of Clinical Endocrinologists and the American Diabetes Association published their revised consensus statement on the inpatient standards for glycemic control in 2009 [41] . Overall their guidelines had remained consistent with slight alterations in overall blood sugar levels. The following is a summary of those recommendations [41] :
• Critically ill patients
• Close monitoring for episodes of hypoglycemia
• Insulin therapy should be initiated for patients with blood glucose of 180 mg/dl
• Goal blood sugars for ICU patients should be 140-180 mg/dl
• Non-critically ill patients (medical/surgical floor patients
• Pre-meal (fasting) blood glucose goal of\140 mg/dl
• Random blood glucose levels of \180 mg/dl
• Sliding scale insulin is NOT the preferred method inpatient management
• Basal and meal time (prandial) insulin with correctional insulin are the preferred treatment regimens
• Non-insulin (oral) anti-hyperglycemics are NOT recommended while patients are hospitalized Some physicians argue that the above treatment goals are too stringent and potentially can cause harm in the area of hypoglycemia [44] . This argument must continue to occur for patient safety, however allowing blood sugars to remain [200 mg/dl is not an acceptable target. While hypoglycemia is a real risk of over correction, the medical community must realize that neglecting hyperglycemia can potentially be as harmful [45 • ].
Protocol driven medicine is beginning to confront the problem of hyperglycemia. As systems are now able to identify outliers and ''remind'' providers that basal in conjunction with meal time and correctional insulin are the preferred method, we are getting closer to our goal for inpatient management [46] .
Physicians may ask, in addition to improved patient outcomes, why should one bother with a blood sugar when a patient will only be in the hospital for 3-4 days? The answer is quite simple: quality of care and patient outcomes. Currently, The Joint Commission has implemented tight glycemic control as one of its quality indicators for the Surgical Care Improvement Project [47] . This initiative began in 2006 and will have real financial implications for the hospital. As hospitalists engage in more surgical comanagement glycemic control will become more visible. In this area glycemic control has been equated with improved morbidity and a decrease in length of stay [48] .
Breakdown in Communication
Glycemic control should begin on admission, preferably during the emergency department evaluation. This rings true for most of patient care but is extremely important when dealing with blood sugars. When looking at systems, particularly institutions that focus on healthcare delivery, communication is the fundamental base by which are breakdown or success hinges. As hospitalists, the initial communication begins with the emergency department. There is a plethora of data supporting that improvement in this area leads to an improved patient experience and outcome [49 • ]. Poor communication leads to poor handoffs and medical errors. The interaction between the hospitalist and the emergency department physician exemplifies this problem. The rapid work pace typical of the ED and hospital is a barrier to clear communication and effective handoffs. The information exchanged is often minimal at best [48] . One area that needs increased focus during the ED/hospitalist exchange is glycemic control. ED and hospitalist physicians represent geographically based specialties and have an obligation to improve this hospital process. By including glycemic control in the conversation during patient admission, outcomes and performance measures are expected to improve. Clear expectations and goals regarding this communication must be set to create a good foundation between these two departments. All too often, ambiguous communication occurs between physicians and the information is delivered one way [48] , often with the ED physician providing the majority of the information. Hospitalists may improve communication by inquiring about available new information, including glycemic levels and strategies. Standardization of the communication process may help to streamline this process. This may be accomplished through interdepartmental collaboration and goal achievement. Department and section heads must meet routinely and examine best practices and disseminate these best practices among all staff within their respective departments. Routine analysis and examination of glycemic control and adverse events such as hypoglycemic events or development of DKA after hospitalization may help to ensure that communication is occurring and the standardized procedures are being implemented as planned. Tight glycemic control is a standard that should be accepted and strived for in all hospitals settings [41, 45] .
In order to have a successful communication exchange between the ED physician and the hospitalist, certain expectations must be met. First, clear expectation regarding data exchange must exist. This process must begin at the administrative level. Before improvement is initiated, goals must be agreed upon and conveyed to all engaged in patient care. Consensus regarding these goals and how best to achieve them should be the responsibility of onsite leadership. Referring to national glycemic standards should serve as a platform for those goals.
Summary
Patients with hypo-and hyperglycemia caused by diabetes frequently seek care in the emergency department and hospital. Emergency physicians must be skilled at diagnosing and stabilizing patients with hyper-and hypoglycemia. Emergency physicians and hospitalists should use protocols and clear communication to improve acute and chronic glycemic control for these patients.
